Effects of lysophosphatidylcholines on phosphatidylcholine and phosphatidylcholine/cholesterol liposome systems as revealed by 31P-NMR, electron microscopy and permeability studies.
(1) The effect of incorporation of different lysophosphatidylcholine species on the structure, barrier properties and dynamics of bilayers made of various phosphatidylcholines both the presence and absence of cholesterol have been investigated by 31P-NMR, freeze-fracture electron microscopy and K+-permeability measurements. (2) In a dispersion of lysophosphatidylcholine : cholesterol (1 : 1) the lipids are organized in extended bilayers. Upon cooling a micellar solution of 1-palmitoyllysophosphatidylcholine below the chain-melting temperature a transition to a lamellar, most likely interdigitating organization is observed. 31P-NMR shows in both situations a marked decrease in effective chemical shift anisotropy. (3) 1-Palmitoyllysophosphatidylcholine can be incorporated up to 30 mol% into liquid crystalline bilayers of dipalmitoylphosphatidylcholine and up to 35 mol% into dioleoylphosphatidylcholine bilayers. Above this concentration micellization of the bilayers occurs. In the gel state, bilayer structure is maintained up to 60 mol% of the lysocompound. (4) 1-Oleoyllysophosphatidylcholine can be incorporated to higher concentrations into liquid crystalline phosphatidylcholine bilayers than the palmitoyl analogue, which can be explained by the more cylindrical shape of the 1-oleoyllysophosphatidylcholine. (5) In marked contrast, incorporation of only 1 mol% of 1-oleoyllysophosphatidylcholine into gel state dipalmitoylphosphatidylcholine already destabilizes bilayer structure and makes the membranes completely permeable for K+. These results are discussed with respect to the mixing properties of the various lysophosphatidylcholines. (6) In general these effects are accompanied by a loss of K+-permeability barrier, which however occurs at lower lysophosphatidylcholine concentrations than needed for the start of micellization. (7) Cholesterol incorporation counteracts the bilayer destabilizing role of lysophosphatidylcholines. (8) 31P-NMR demonstrates with increasing lysophosphatidylcholine concentrations in the bilayers of phosphatidylcholines a decrease in the effective chemical shift anisotropy. As the rigid lattice spectra of lysophosphatidylcholine and phosphatidylcholine are identical, this reflects a change in the conformational and/or motional properties of the phospholipid head groups. This phenomenon might play a role in the observed permeability changes.